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Abstract 
 
In this paper the motion of quantum particles with initial mass m is investigated. The QM equation is formulated 
and solved. It is shown that the wave function contains the component which is depended on the gravitation fine 
structure constant  
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1. Introduction 
 
 Classically, when the inertial mass mi and the gravitational mass mg are equated the 
mass drops out of Newton’s equation of motion, implying that particles of different mass with 
the same initial condition follows the same trajectories. But in Schrödinger’s equation the 
masses do not cancel. For example in a uniform gravitational field [1] 
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implying mass dependent difference in motion. 
 In this paper we investigate the motion of particle with inertial mass mi in the potential 
field V. As was shown in monograph [2] the general QM equation has the form 
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where the term 
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describes the memory of the particle with mass mi. Above equation for the wave function Ψ is 
the local equation with finite invariant speed, c which equals the light speed in the vacuum. 
 
2. The model equation 
 
In this paper the local Schrödinger equation with finite Planck mass is obtained: 
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The new relaxation term (memory term) 
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describes the interaction of the particle with mass m with space-time. 
The relaxation time τ can be calculated as 
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where s denotes the scattering of the particle m on the electron – positron virtual 
pair, s 
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where Mp is Planck mass. 
Considering Eqs (1-4) Eq. (1) can be written as: 
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As can be seen from Eq (5) for ∞→pM  one obtains non-local Schrödinger equation 
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From equation (5) can be concluded that Schrödinger QM is valid for particles with m<<Mp. 
The last term 
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when is equal zero 
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describes the pilot wave equation. It is interesting to observe that the pilot wave equation is 
independent of mass of the particles. 
Let us look for the solution of the Eq. (5), V=0, in the form (for 1D) 
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For τ ≠ 0, i.e. for finite Planck mass we obtain: 
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where the reduced μ mass equals 
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For m << Mp, i.e. for all elementary particles one obtains 
 μ = mi               (12) 
and formula (2) describes the wave function for free Schrödinger particles 
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For m >> Mp,  μ = Mp
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From formula (6) we conclude that )( ctx −Ψ  is independent of m of particle, m. 
 In the case m < Mp from formulae (2) and (3) one obtains 
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In formula (7) we put 
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and obtain 
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As can concluded from formula (17) the second term depends on the gravity 
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where G is the Newton gravity constant. 
 It is interesting to observe that the new constant, Gα ,   
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is the gravitational fine structure constant. For mi = mN nucleon mass 
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3. Conclusions 
  
In this paper the solution of the QM equation with memory term was obtained. It is 
shown that for m < Mp the wave function Ψ contains the component dependant on the fine 
structure constant for gravity, 
c
Gmi
G =
2
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